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STUDY  OF  QUEUING  THEORY  IN  SHELTER  ENTRANCEWAY  DESIGN 
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Type  C 
by 

D.  B.  Ryder 
ABSTRACT 

Experimental  data  Is  presented  which  tests  the  assumptions  on  which 
Technical  Note  N-423,  Application  of  Queuing  Theory  to  the  Design  and 
Location  of  Personnel  Shelters^  Is  based.  A  method  outlining  the  devel¬ 
opment  of  design  criteria  of  general  usefulness  Is  also  given. 


INTRODUCTION 


An  important  problem  in  shelter  design  Is  insuring  that  the  entrance 
of  all  assigned  personnel  into  the  shelter  within  a  given  interval  of 
time  has  a  high  probability.  Technical  Note  N-423,  Application  of  Queuing 
Theory  to  the  Design  and  Location  of  Personnel  SheltersJ  attacks  this 
problem  by  applying  techniques  of  queuing  theory. 

Assumptions  Inherent  in  these  techniques  have  been  tested  experi¬ 
mentally,  and  the  experimental  results  are  discussed  in  this  technical 
note.  It  should  be  noted  that  military  personnel  were  utilized  In 
performing  the  experiments,  and  that  other  commitments  placed  restrictions 
on  the  time  as  well  as  on  the  number  of  men  available  for  experiments. 
However,  results  obtained  Indicate  that  more  complete  testing  of  assump¬ 
tions  as  suggested  in  N-423  is  not  warranted. 


ASSUMPTIONS 

Assumptions  made  in  Technical  Note  N-423  are  as  follows: 

g(t)  =  where  g(t)  is  the  probability  of  an  interval  of 

time  t  between  services,  and  p.  is  the  service  rate  (the  average  number 
of  persons  passing  through  the  entryway  per  unit  time  if  persons  are 
always  waiting  In  line). 

-\t 

2.  f(t)  *  ^■e  ,  where  f(t)  is  the  probability  of  an  Interval  of 

time  t  between  consecutive  arrivals,  and  \  is  the  arrival  rate  (the 
average  number  of  persons  arriving  at  the  shelter  entranceway,  or  at  the 
end  of  the  queue  at  the  entranceway,  per  unit  time). 

3«  P  =  X/p  ^  0.9>  where  p  is  the  ratio  of  X  to  p. 

4.  N  2:  100,  where  N  Is  the  number  of  persons  to  be  accommodated 
in  the  shelter. 

5"  The  queue  is  single  file. 

6.  Service  Is  “first  come,  first  served". 

/.  Transient  effects  can  be  ignored,  and  the  steady  state  solution 
can  be  util  i'zed. 


EXPERIMENTAL  PROCEDURE 

Personnel  were  made  available  to  NCEL  by  the  Construction  Battalion 
Base  Unit.  The  mu i l? -purpose  protective  sheltei*  of  the  Construction 
Battal Ion  Center  was  also  made  available  by  the  Disaster  Recovery  Train¬ 
ing  Division.  Records  of  test  runs  were  made  by  Esterline  recorders  and 
by  movie  camera. 


Assumption  1  was  tested  by  running  groups  of  men  single  file  Into 
the  shelter.  Recorders  equipped  with  push-buttons  were  stationed  60 
feet  from  the  shelter  entranceway,  immediately  at  the  entranceway,  and 
Inside  the  shelter.  As  each  man  passed  each  station,  the  push-button  was 
depressed,  and  a  permanent  record  of  the  run  was  obtained  on  the  recorder. 
In  each  run  designed  to  check  assumption  1,  all  participating  personnel 
were  lined  up  single  file  60  feet  from  the  entranceway,  and  at  a  signal 
from  the  officer  In  charge,  personnel  began  moving  into  the  shelter  at 
normal  military  pace.  Service  was  thus  "first  come,  first  served." 

Filmed  records  were  obtained  of  personnel  moving  through  the  entranceway, 
and  inside  the  shelter.  The  filmed  records  were  obtained  for  purposes 
of  checking  the  manually  operated  Ester  line  recorders.  Figures  1,  2, 
and  3  show  the  location  of  the  recording  stations  and  the  geometry  of 
the  shelter  entrance. 

Assumption  2  was  tested  by  stationing  men  In  such  a  way  as  to 
approximate  the  actual  situation  for  which  the  CBC  multi-purpose  protec¬ 
tive  shelter  is  Intended.  The  CBC  Disaster  Control  Recovery  Plan  provided 
data  on  the  intended  staffing  of  the  shelter.  Probable  locations  of  the 
staff  personnel  assigned  to  the  shelter,  which  Is  Intended  for  use  as  a 
control  center  In  case  of  nuclear  emergency,  were  determined,  and  test 
runs  were  set  up  to  simulate  a  possible  real  situation. 

Nutr^bers  of  personnel  expected  to  proceed  to  the  shelter  from  various 
buildings  on  station  having  been  estimated,  available  personnel  were 
distributed  Into  groups  in  proportion  to  these  numbers  for  the  test  runs. 
Distances  used  in  the  test  runs  were  scaled  to  the  true  distances  from 
building  to  shelter  in  the  ratio  of  one  to  four  in  order  to  facilitate 
actual  testing  operations.  The  groups  were  directed  to  remain  at  or 
near  their  respective  stations,  and  were  permitted  to  sit  as  well  as 
stand  while  waiting.  At  a  given  signal,  all  personnel  began  moving 
toward  the  shelter  at  a  normal  military  pace.  Recorders  were  again 
stationed  60  feet  from  the  shelter  entranceway,  at  the  entranceway,  and 
Inside  the  shelter.  Filmed  records  were  obtained  of  personnel  moving 
through  the  entranceway,  and  inside  the  shelter. 

Since  the  CBC  multi-purpose  shelter  was  located  In  a  remote  corner 
of  the  base,  it  was  decided  to  simulate  the  case  of  a  hypothetical  shelter 
at  a  more  centrally  located  site.  Except  for  the  different  Initial 
stationing  of  personnel,  procedures  were  identical  to  those  described 
previously, 

The  case  of  a  multi-story  building  with  adjacent  shelter  was  also 
simulated  by  stationing  groups  of  personnel  so  that  100-foot  intervals 
between  groups  represented  the  difference  between  consecutive  stories. 
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Figure  I.  Cross  section  -  shelter  entrance, 


Service  was  “fTrst  ccme,  first  Sirve^J'^  for  atf  runs,  and  a?f'  queues 
were  single  file. 


VALIDITY  OF  EXPERIMSMIAL  PROCiBUREf  Tif  KSTINff  ASSUMfTittNS 

• 

Convnent  upon  the  %'alT<l!X^  of  eMftfimentaf  ^rocejufes  Used  Tn  testing 
assumption*  is  warrantecf.  ts  T*  l^aTtstic  t©  l^imulat#  actual  behavior 
in  a  nuclear  emergencM  fc/  #tat?a«»*rig  ffoups  Of  personnel  ftH  foot  at 
different  distances  freit  t^*  shglt*f  erktra«eew»y  *0  aw»lt  S  wafoinj 
signal?  In  view  of  many  unkno««»i»^  tfits  S«cmed  to  be  th«  bask  tfcat  could 
be  done.  No  provision  has  been  mMlo  #Of  me^^9d  of  transportat ien  to  kbe 
CBC  control  center  if*  casA  «f  OlAft.  ttio  £BC  OlStster  HAcOvery  Tratniop 
Division  Officer  expr«ssedl  k^O  l»elT«f  Ibo*  PcflOifal  vchieles  would  be 
util  ized,  and  the  reduction  of  rflftfimMs  im  tfco  r#tt()  »f  Ono  tO  ffHir 
tends  to  moke  allowance  for  IQ  i#iw  Of  t^Q  v.tri9U*  tiest  i  nations  to 

which  personnel  would  pfoceQd  ood  the  prMAftt.  ifivel  of  t.roTlkl«p  Of  personnel, 
the  chaos  which  would  otciar  4urNf  AQ  pettfSl  omQr^AOey  maltes  it  difficult 
to  formulate  a  realistic  tliod*l*  Wf  i»»  tb*  ee*ht  that  »  level  of 
training  is  attained^  with  frequedt  dftlld#  $mt  »  fedlKt'fc  eppfOxiifiat'ion 
to  the  actual  situation  hf  madft.  fved  thoO#  <#  arrival  records  of  an 
actual  base  wide  drill  were  Ot)taifVrd|,  tfcesf  record*  would  serve  only  for 
CBC  and  for  the  control  center  ds  pr««cntTy  leeoted.  KetfflflheTesSj  the 
results  obtainad  in  the  «xoertmeete  por formed  do  If* va  significant;  bearing 
on  the  problem  of  proper  shelterway  design,  and  a  discuss  Ten  of  the 
implication  of  tiiese  experiments  is  presented  lo  a  fcHowing  section. 

it  ehaold  also  bn  pointed  out  that  essumptien  4  was  not  enforced  in 
some  of  th«  experimental  runs*  .Stiff Inient  personnel  were  not  available 
on  fbeSe  occasion*,  |n  developing  the  mathemetles  of  Technical  Note  N*425j 
.this  assumption  was  iMrde  svbteituant  to  Of  tempt  ions  1  and  2,  and  because 
indirakiohs  are  that  «eeiimpk*ons  I  and  2  ere  invalid  in  themselves,  the 
failure  ta  enforce  this  assumption  i$  not  of  great  importance. 


fkflR I  MENTAL  SESUlTS 

Experimental  runs  Mr#  made  as  foMow* ; 

Run  ♦;*  TO?rty»Hine  wan  were  stationed  single  file  with  the 
front  of  the  queue  Jnitlally  60  feet  from  the  shelter 
entrance*  On  signal,  the  men  moved  Into  the  shelter 

Run  2;  forty  men  were  distributed  In  groups  in  proportion  to 

•  *  the  expected  distrl button  of  personnel  assigned  to  the 

eheiter  in  evert  pf  actual  emergency,  and  these  groups 
were  stationed  so  ay  to  preserve  the  ratio  between 
digtaneo*  travel led  to  tPe  Chet ter  for  the  experimental 
run  and  the  real  OVeht*  A  groap  ©f  tix  wen  was  stationed 


Run  3: 

Rltin  ii 

■  RuA  Si 

Aua  7s 

Run  8: 


Run  9: 


JOO  feet  ^'rem  tli®  fhelter;  3  RieR,  fl60  feet  fpom  the 
shelters  one  man,  1 580  feet  from  the  shelter:  two  men, 

\J2V  fe%t  from  fhe  shelter;  two  men,  1850  feet  from  the 
Shelter;  2?  men,  22?5  feet  from  the  shelter?  one  man, 

4315  feet  trem  the  fhetter;  one  man  2400  feet  from  the 
theltft.  Oq  »7gn»1*  the  tien  ragved  ?nto  the  shelter. 

jSme  as  fun  f,  except  that  21  meit  were  stationed  2275 
f4et  frfim  the  shelter  entrance. 

Tip  simulate  the  ca|e  of  a  three-story  building  with 
adjacent  fheltpr,  group#  of  13  men  were  stationed  at 
|09  feet  from  the  shelter  entrance,  at  200  feet#  and 
at  3^9  feet.  0n  signal,  the  men  moved  Into  the  shelter. 

Samd  as  fun  4#  except  that  the  men  were  stationed  at 
40®  feCt  from  tRe  sheTter  entrance,  af,  500  feet#  and 
4t  409  feet* 

Sam«  a#  riM  h,  «ltee|St  tA«t  thd  fieii  wer«  »tatT4ne4  at 
|Q9  feet  fr«ink  the  Aheiler  tntfajicO#  af  8OO  feet,*«Bj 
at  500  feat* 

j|ame  as  run  |*  Cfctept  that  98  meA  paft  l^tpafe^. 

The  case  of  a  feistfaTly  Ififated  fheltep  was  stmula|ed*i 
SUty-f«ur  ineii  wefe  fTatributed  gnrupa  In  proportion 
to  the  trpefte4  distribution  Af  personnel  assigned  tO 
the  SheTter  In  e¥*nt  of  an  actual  emergefut/i  and  ttiese 
groups  were  stationed  so  as  to  preserve  tfie  fatlo  . 
between  distances  travelled  to  tl)e  sheljief  for  ti)e 
experimental  run  and  the  real  event*  A  JPPUp 
Otn  was  stationed  2^0  feet  from  the  ihelter|  ^  eieOf 
lk|0  feet  from  the  shelter;  2  men*  3l80  feet  from  the 
shelter!  $  mell*  *10^0  feet  from  the  shelter*  )  merte 
llOO  feet  from  the  shelter;  2  then*  1279  feet  front  tT^ 
fheTterJ  3  mee  I550  feet  from  tlie  fheTter ?'  3  nien, 

1580  feet  front  the  shelter;  and  8  meAj  tS40  feet  from 
tile  slirlfer.  An  Signal,  tha  tiea  mofPd  Into  the  shelter. 

Same  as  run  8*  except  that  a  hfgh  explosive  was  cletonated 
Ta  the  immedlAtp  afea  Ikf  the  shelter, *and  all  personnel 
with  private  Vehicles  near  the  shelter  were  directed  to  * 
move  them  approximately  150  yards  fafthef  away  from 
the  shelter  befofe  the  run  started  and  before  the 
Signal  to  move  Into  the  shelter  had  been  given. 

«  Personnel  were  •told  that  the  high  explosive  would  be 
detonated  at  aiv  unspecified  time  after  the  signal  to  move 
Into  the  shefter  had  been  glveri'  Tt  was  feit  that  the 
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Rurji)  it? 


■»  (ft  O 

knowledge  that  no  danger  was'  Imminent  contributed  to 
the  orderly  and  expeditious  manner  in  which  personnel 
moved  into  the  shelter  on  othet  runs.  Run  9  was 
designed  to  see  if  an  element  of  uncertainty  regarding 
^e?sonal  safety* V/o®iid  have  any  effect  on  the  men. 

fame  as  run  8^  except  tibat  4il  me%  participated,  A 
group  of  57  nien  was  stationed  i40  feet  from  the  shelter^ 
jf  men,  4l0  feet  fr^m  the  shelter;  4  men,  780  fee|  ironi 
(he  shelter;  8  men,  404C>  feet  from  the  sheVtel*f  4  me^, 
1100  feet  from  the  sheltef?  5  men,  127^1  feet  from  the 
shelter;  5  men,  1550  feeli  f#om  the  fheltef*  f  men, 

1580  feet  from  the  sheiter;  and  16  men,  1640  feet  ffom 
the  shelter.  On  signal,  the  me rk  moved  lA  |he  sheltef. 

Same  as  run  4,  except  tA^at  64  meit  %fe4re  sfatfonej 
feet  from  the  shelter^  28  men«  tdft  feet$  end  meita 
300  feet,  this  rur^  wa»  set  up  so  as  (0  iMttfd  SJbaY  # 
relatively  long  queue  wo®l^  ts>tn* 


i-®#  ctins  1  tPtf4J1|§b  6,  v^hd  was  from  tl>e  west  fp«4rpendi(gtaf  |0  |fte 
4lifect4on  of  tfavai)  at  I  to  3  knots,  %em|»eratvre  vafte^  l^efween  §Z  tlegfeeV 
FahrenheTf  and  degrees  Fahrenheit,  (afvmetric  pressli^e  was  }a.e»  In  and 
Stea^^t  and  there  v/as  no  cloud  cover*:  Fof  runs  J  tjhfo^ala  fl,  wind  was  irtm 
the  west  af  ij  to  #8  knots,  temperature  wa»  elegrees  raVenheit^  baftmetrlC 
fteMtir#  was  JO. 02  ,|g  and  steady,  and  t^elfe  was  «|eud  esvef.  ^9^6  af 
ptftlclpat Ing  personnel  varied  between  ?CI  and  i|  with  a  melA  tge  ot  2l  ytaft* 
Teff  atn  <^33  (ietfdi  except  fo^  one  4tt6h  witfcit  was  naftttf  OVntr* 

'tfle  data  obtathed  from  the  exp^er  ImeWat  flint  A*  |»r«lanled  tn  TAbfnft 
1  thfoi»^  tl  In  AppmiiKfk-  ftatfon  A  tffnfl  40  likt  recor^sr  £0  feet 
fr«m  ttke  shel4ef  entfanae^  sfatitf  t#  to  She  fegofief  at  Ito  tiieltef 
engranfet  end  statfbnj,  to  ffig  felQrder  Slistfe  the  s|»«Stefs  «,Tfn9  I9 

meastifed  from  the  fhsfailt  tl^  ^lotil  dlfWtllvJ  ^tfsti^l|e|  to  proceed  into 
sSieltec  is  givenp^ni  I#  tfm  tolits,  arefert  to  0R  arrival 

a|  a  sjiat^pn* 

ANALYSIS  OF  EXPER'|MElfr;^1<fstl4fS ^ 

Data  from  i  an|f  |ft  ItlalyX«0  (0  ttft  anifXIhtSfK  im  Aa  wa» 
4ecommeAde^  ia  tefhnidat  hlotf  a  (hj^qiieft  lent  wag  0af  formed* 

4  sePtife  Is  ofnsldbfed  tftdleve  dcftfrfid  whlMI «  man  aPfigfS  at  atetSon; 

J..  For  curt  afoTtaTt  0t  dtSfSon  ^  betwANt  i|?>0  «e«Qnd&  aflil  74*) 

5e«90ds  |<i£Kfttli0  a0f  tffea|«d  IA  tefkns  Of  50  sub*iihtefv«|9  0f  I  second 
eac^*  #«f  fIMI  7f  adfivala  4a4weei|  20*0  4et0n4»  and  Sfcoftdt  Iciclos  ike 
afe  treated  |0  termt  9f  stlft-faCeivaft^tff  f  sfcOnd  eaeN.  In  tiM  fnl  low¬ 
ing  analysis,  xu  tefers  f9  the  number  0f  arf Ivats  Xa  a,  9ub*tntervalf  * 
A’ixifl  tp  tihe  ibfssan  IttobaMiity  of  9%  afrivafi  tn  a  s«b«il|feffatf  I  to  * 

|fe  Aumbgr  of  ffibtinteflrala,  and  A|^  to  th&  aCtll«)  IMmbei-  of  subvintervats  ,  * 
wtt|i:>  X|^  aprivats.  Thuf,  thfCret iCali/,  tti®  product  nf  f  anf  P(n|^)  s^vTd 
Jje  equat  in  volte  to  * 
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If  the  service  rete  Is  normally  distribute^  about  x  =  |.  tShere 
are  three  chances  In  four  that  lAi  will  be  tes*  i^an  0.t02.  Since  JV  = 
0.072<0.l02,  there  Is  no  reason  to  obfcet  l^o  at  asMmptlet  ef  htrmal^y 
distributed  service  rates  on  ttie  basts  of  the  experimental  data. 

• 

Although  run  II  was  not  Intended  as  a  check #n  at^umptlon  I^  data 
from  this  run  can  be  used  to  further  Investifftt#  the  assumption  that 
service  rates  are  normally  distributed  a]?out  t #fiean  vafue.  ff,  In 
addition  to  the  50  sub- Intervals  from  runs  1  tnC  7*  arffvals  in  fun  II 
between  25.0  seconds  and  17^.9  seconds  inclusive  a^e  terms 

of  60  sub-intervals  of  2.5  seconds  each,  there  Is  s|IIi  ^eatoiv  to 
object  to  the  assumption  of  normally  dlstribiHed  serylee  rates.  Fusther* 
more  the  values  of  l•P(x|^)  are  of  gre*|er  Aiagifl tucPe  'lending’ more  con* 
fidence  to  the  use  of  the  usu»i  ap^fexlAItT^lk 't#  the  discrete  frequency 
funct I  on. 
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If  tie  «erv|«»  9f  IMRPltl^dllnriivtt^!  48tif  X  <•>  IlMrA 

afe*#<)we  In  firf  9ciy  than  0j«d4, 


DHa  from  Funy  ?  tVftfsh)  §  t  throuffk  f  analyzed’  felt 
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intervals;  and  for  runs  8  and  S,  arrivals  between  0.0  seconds  and  359-9 
seconds  inclusive  are  treated  In  terms  of  5~second  intervals. 


Run  2 


P(X,) 


-  A|^)' 


0 

1 

2 


TOTAL 


0 

1 

2  or 
more^ 


0.717 

0*2^9 

0.044 


t8fc7 


i 

8 


4.28 

UM 


Run  3 


0 

1 

2 


TOTAL 


Run  4 


0 

2 


0 

1 

2  or 
more 


0 

1 

t  or 
more 


0.723 

86.8 

1 06 

4.25 

0.235 

■  28.2 

2 

zn.sk 

0.042 

^.0 

T2 

9*80 

A  =  38.39 

0.522 

31.3 

4t 

3 .66 

0.339 

20«3 

3 

14,74 

0.139 

8.3 

15 

5.41 

iOTA^ 


9  =n^T 


Rurv  { 


0 

8*522 

319 

41 

3.  of 

t 

1 

C.339 

20«3 

? 

I6»f9 

4 

fOTAt 

2  9r 

mot# 

«.139 

8.4 

V 

•  n 

A  =  28. ?3 

1? 


o 
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Run  6 


(1- 

-  ''k* 

k' 

\ 

P(X,) 

l-PCx,) 

\ 

1-P(x,) 

0 

0 

0.522 

31.3 

45 

6.00 

1 

1 

0.339 

20.3 

2 

16.50 

^  or 

more 

0.1^9 

8^ 

9 

13 

© 

2.66 

Q 

lOtAt 

9 

A  = 

=  25-16 

1^1  S  8urt  9 

• 

• 

9.^1 

^2*6 

1 

t 

4.366 

26.4 

20.40 

f  or 

^.233 

16.1 

14 

2.70 

more 

1  OiAL  ** 

^4.10 

For 

each  of 

these  cases,  if 

the  arrival 

rate  is 

truW 

Poisson, 

AheVe  i s 

one  chance  in  a  thousand 

that  A  wi 1 1 

exceed 

to.?. 

iMPLJCATIONS  OF  EXPERIMENTAL  RESULTS 

Experimental  results  strongly  imply  that  queuing  theory  wi|h  Poisson 
Input  and  exponential  service  times  is  of  limited  usefulres?  In  deeignijig 
shelter  entranceways .  For  the  shelter  enttanfe  <te5?ed,  indieatSfins  a#e 
that  a  mean  service  rate  (0.65  entr'ies/sec  f®r  J^he  case  ttesfed)  holds#, 
and  use  of  a  mean  service  rate  for  design  purp^sef  s^eui4 
problem  of  arrival  rate  is  not  so  simple.  AlfTioujh  it  does  seem  (ted%on« 
able  that  rates  of  travel  under  emergency  condit4#ns  are  disirt* 

buted  about  some  mean  value  for  walking  and  Kunr>»ng  jj«vet»  dfiStanCes,  it 
is  difficult  to  test  this  assumption  exper  imenval  ty.  Nsvff  4hef  e»i, 
approximate  locations  of  personnel  with  resp#fft  to  cfes  i  gf*  Cf  i  ter<%) 

to  insure  the  entrance  of  assigned  pe^sonnet  ffaif  Ve  ad*geiate1'f  4®Wetoped 
if  use  of  a  mean  value  for  walking  and  rufinTfig  g|^er>  ^istanfes  Is  Ttiade 
determine  arrival  rates. 

A  slightly  modified  version  of  the  design  method  ^•^elcpecl  at  I^SCL 
for  inclusion  in  Navdocks  P-81,  Part  2^,  is  app1«Cat>|c«  Art  example  |s 
utilized  to  illustrate  the  method.  For  This  example.  Figure  4  siaftw^  |iie 


distribution  of  work  spaces  for  the  assigned  occupants.  Distances  to 
shelter,  numbers  of  persons,  etc.,  for  each  building  are  shown  in  Table 
1  of  Appendix  B,  while  the  example  is  given  in  Table  2.  Results  of  the 
application  of  the  method  to  the  experimental  runs  are  presented  in 
Table  3  Appendix  B  and  are  considered  satisfactory. 

Appropriate  travel  rates  and  service  rates  for  use  with  this  design 
method  are  found  in  "Design  of  Entrance  Systems  for  Personnel  Protective 
Shelters", 3  but  no  information  for  travel  rates  immediately  at  the  entrance¬ 
way  could  be  found.  Here  a  reduction  of  speed  was  notsced  during  the 
experimental  runs.  It  is  not  clear  if  this  was  due  to  the  fear  of  hitting 
the  metal  perimeter  of  the  relatively  narrow  entrance,  if  the  change  from 
level  ground  to  stairway  had  some  effect,  or  if  some  other  circumstance 
contributed  to  the  bottleneck.  At  any  rate^  velocity  for  this  2  foot 
interval  was  computed  to  be  about  feet/second.  "Jhis  value  was 
obtained  by  dividing  60  feet  by  the  average  number  of  merb  between  Station 
1  and  Station  2  once  steady  s^ate  conditions  had!  been  #eathed  on  riir>  il,9 
and  then  multiplying  this  va\%e  fhe  mean  fgTvice  rate.  This  average 
computed  value  is  uti\ize(J  the  cal  §li1  atttns  ef  Table  ^  ®f  Appendix  B. 

For  this  design  method  io  havg  general  tsefy^nefg,  m#ro  irformaliorj 
is  needed  regarding  velecify  •{  ^efsCnt  thf^bugh  a  vafie  ty  of  hatshways 
and  openings.  Effect  of  botS  e»oss*6ect4ona 1  area  and  stops  of  the 
opening  with  respect  to  gtoun^  IgveT  shOull^f  Jo®  •^•icftetf.  A^l  that  ts  Weeded 
.for  such  a  •*  ^  igties  of  mockups  Slid' O' groM.P'  5C  tiOWe . 

Also  needed  If  tiore  IWformaCtOt  #e^o^4:n^  dsofeity  aj  a  fuisttloO 

of  velocity.  In  order  compute  lepg’liis  Oif  CJueue^  a^'rfiffersWt  times, 
it  is  necessary  to  know  the  average  amJtKlir  of  3(i>aC<> ^  teuton 
in  the  queue.  This  information  be  fhe  ^latohway  • 

velocity  test.  A  gfoup  of  ’lOO  mart  Oif  WOtilrf  tltdet 

to  provide  adequate  4ata,  howeocr. 

Further  implications  wers  t#i??t  is  iof  iPl>ortAn®rt  ill 

insuring  the  entrance  of  asi  igRfti  ,  fcopm  wtit«f»kior|  of 

personnel  shelters  can  ocewr  only  ififiir  3^StitSviJ5r  througl>  familiar¬ 

ization  of  each  individyal  with  tha  att«<JB  41^  tai.en  Irt  the  evqot  of 
immanent  emergency,  through  proper  trat<«i$  ©fec¬ 

it  can  be  tentatively  stated  t^^HUiUtMl^aSgtlglt #f  ^ilt^nceff  ttl  the 
probable  locations  of  assigned  personnel  is  jr©5Ser  importance  fiiaft 
the  maximumizat ion  of  the  area  of  sh  ettfcT*  entrances  ftfr  in«s4  s i tuations# 

The  fact  that  there  was  little  problem  iA  fers^i^llig  eveW  %hou^ 

distances  from  the  shelter  were  scaled  /rCnl  to  ^  1r<?isi*tes  that,  for 
shelters  located  on  a  station  where  ass  i  gn^  J^OfTT^oe^  *iay  IBe  expelled 


to  originate  from  several  location^  more  can  be  gained  from  proximity 
of  the  shelter  to  these  locations  than  from  the  provision  of  larger 
entrances  or  more  entrances.  This  fact  Is  further  substantiated  by  the 
speed  with  which  all  personnel  gained  entrance  to  the  shelter  in  runs 
8  through  10  as  opposed  to  runs  2  and  3. 


FINDINGS 

1.  Two  fundamental  assumptions  on  which  Technlfal  Note  N-423^ 
Application  of  Queuing  Theory  to  the  Design  and  Location  of  Personnel 
Shelters,  Is  based  did  not  hold  true  for  the  cases  experimentally  tested. 

• 

2.  A  step-by-step  arithmetic  procedure  provides  reasonable  accuracy 
In  predicting  arrival  time  for  personnel. 

3-  More  information  regarding  velocity  of  personnel  through  hatches 
and  openings  and  density  of  queues  Is  needed. 

4.  It  Is  extremely  difficult  to  simulate  emergency  conditions  In 
so  far  as  movement  of  personnel  Is  concerned. 


CONCLUSIONS 

It  Is  concluded  that: 

1.  The  step-by-step  arithmetic  procedure  presented  In  this  note 
can  be  adopted  for  use  in  shelter  siting  and  entranceway  design  at  the 
present  time. 

2.  Experimental  work  to  determine  velocity  of  personnel  through 
hatches  and  openings  and  also  to  determine  the  density  of  queues  should 
be  performed. 
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APPENDIX  A 


TABLE  1 

Run  1 

Station  1 

Station  2 

Station  R 

3«I  sec 

13.0  sec 

21 .2  sec 

^■3 

14.0 

22.3 

5.1 

15.1 

23.2 

6.0 

16. 3 

24.9 

6*8 

17.2 

26.0 

7.4 

18.9 

28.0 

8.1 

20.0 

29.0 

8.9  * 

21.1 

30.9 

9,6 

»  22.7 

31.9 

10.2 

•  24.0 

34.6 

10.8 

25.2 

35.4 

11.3 

26.5 

36.6 

12.1 

27.8 

37.7 

12,5 

29.3 

38.9 

13.2 

30.5 

39.6 

13.7 

31.6 

40,8 

14.1 

33.0 

41 .5 

15.1 

34,0 

43.9 

15.5 

35.1 

44.9 

16,1 

37.1 

46.1 

17.0 

38.3 

47.8 

17.9 

40.1 

49.9 

18,7 

41.8 

51.5 

ig.6 

43.1 

53.1 

20.2 

44.4 

54.9 

21. 1 

46.1 

56.1 

22.2 

47.7 

58.2 

23.7 

49.4 

60.0 

24.8 

50.9 

61.1 

25.8 

52.0 

62.2 

27.0 

53.8 

63.3 

27.6 

55,1 

66.0 

28.3 

56.5 

68.1 

29.2 

58.3 

70.9 

30.1 

60.0 

72.5 

31.8 

61.7 

74.1 

32.8 

63.2 

75.4 

J7 


o 


34.0 

64-9 

76.8 

35.2 

66.6 

TABLE  2 

Run  2 

78.0 

Station  1 

Station  2 

Station  3 

92.2  sec 

1 0^ - 0  ^ 

115.5  3bC 

93.1 

107-2 

116.4 

93.9 

108-6 

117.3 

94.6 

109-8 

118.8 

95.2 

110-8 

120.1 

95.8 

112.4 

121.8 

352.7 

362-5 

369.5 

364.7 

376-0 

384.4 

365.3 

377-3 

385.6 

431.1 

444-6 

453.7 

432.0 

446.0 

456,0 

437.4 

449-1 

458.8 

438.1 

450.4 

460.0 

439.2 

452.0 

461.1 

448.6 

459.8 

467.3 

449.8 

461.7 

471 .2 

451.4 

463-6 

473.5 

452.2 

465-0 

474,9 

453.0 

466-2 

475.7 

453.6 

467-7 

476.5 

453.9 

468-8 

477.6 

454.4 

470-3 

478.6 

454.9 

471-5 

479.9 

455.6 

472-9 

481.9 

456.0 

474-2 

483.0 

456.5 

457.6 

485.1 

456.9 

477.4 

486.8 

457.9 

478.8 

487-5 

458.8 

480.4 

488.7 

459.9 

481.8 

489.7 

460.9 

483.2 

490.8 

461 .8 

484.8 

492.8 

462.6 

486.4 

494.2 

463.3 

487.6 

495.8 

463-9 

489.5 

498.0 

464.8 

491.0 

500.2 

466-7 

492.7 

501.9 

501.8 

511.6 

520.2  * 

579.9 

592.5 

604.9 

581.3 

594.0 

TABLE  3 

Run  3 

606.2 

Station  1 

Station  2 

Station  3* 

81 .5  sec 

93.8  sec 

97.6  sec 

82.4 

95.4 

98.8 

83.0 

96.6 

100,2 

83.7 

97.8 

101.8 

85.5 

99,0 

103.0 

85.9 

IOD.3 

104.8 

331.6 

352.0 

354.9 

335.4 

358,2 

362.0 

336.8 

359.6 

363.7 

381.5 

406.4 

409.5 

382.2 

407.6 

411.5 

384.9 

411.0 

415.4 

386.5 

412.3 

416.9 

387.9 

413.8 

418.3 

437.6 

461.2 

462.1 

438.7 

462.5 

464..  0 

439.8 

463.8 

465.5 

456,9 

479.5 

480.6 

458.0 

480.9 

482.0 

462.5 

486.5 

488.5 

463,6 

487.7 

491.1 

466.2 

490.0 

1^2.9 

467.1 

491,1 

493.6 

467.7 

492.7. 

495.0 

468.8 

493.8 

496.5 

469.7 

495.8 

498.0 

470.1 

497.1 

500.0 

470.7 

498.7 

501.5 

471.1 

500.4 

502.9 

472.1 

501.4 

504.3 

473.4 

503.1 

506.0 

474.0 

505.0 

507.3 

474.7 

506.3 

509.0 

475.5 

508.6 

509.9 

J9 


476.6 

509.7 

-  512.4 

478.3 

510.9 

®  514.3 

494.9 

520.0 

522.4 

551 .8 

576.7 

581.4 

552.6 

577.8 

583  r  I 

VfReference  to  movie  records  indicate  the  Esterllne  records  for  Station 
3  as  given  here  are  6  seconds  too  fast. 

TABLE  4 
Run  4 


Station  1  Station  2  Station  3 


6.2  sec 

16,6  sec 

25.1  sec 

7.0 

18.1 

26.4 

7.7 

19.6 

27.5 

8.6 

20.6 

28.4 

9.3 

21.6 

29.3. 

10.3 

23.0 

30.2* 

11.3 

23.2 

31.2 

12.1 

26.0 

32.0 

12.9 

26.9 

33.7 

13.9 

28.1 

35.1 

14.8 

29.1 

36.6 

15.6 

30.5 

38.1 

16.0 

32,1 

39  »3 

30.7 

43.1 

52.1 

31.5 

44.2 

53.0 

32,2 

45.3 

54.0 

32.9 

46.4 

54.8 

33.5 

47.5 

55.7 

34.4 

48.9 

56,8 

35.0 

49.9 

57.9 

35.8 

51.3 

59.1 

36.6 

52.6 

60.1 

37.4 

53.9 

61.6 

38.2 

55.1 

62.5 

39.0 

56.3 

63.6 

39.7 

58.0 

65.4 

49.5 

61.6 

69.7 

50.2 

62.9 

71.4 

51.0 

64.1 

72.8 

52.0 

65.5 

73.9 

20 


53.0 

66.9 

75.0 

53.6 

68,3 

76.2 

‘;4.q 

69-9 

77.3 

55.7 

71.1 

79.8 

56.8 

72.4 

80.6 

58.4 

74.3 

83.1 

59.0 

74.9 

84.3 

60.4 

77.0 

85.6 

61.4 

78.7 

88.1 

TABLE  5 
Run  5 


Station  1 

Station  2 

Station  3 

56.0  sec 

68.1  sec 

76.9  sec 

57.0 

69.2 

78.0 

57.9 

70.4 

79.1 

58.5 

71.5 

79.8 

59.4 

72.6 

80.6 

60.4 

74.2 

82.1 

61 .3 

75.5 

83.0 

62.3 

76.7 

84.4 

63.1 

77.7 

86.6 

64.3 

78.8 

88.2 

65.5 

80.4 

89.3 

66.3 

82.0 

91.0 

67.2 

83.4 

91.8 

79.4 

92.9 

101 .7 

80.4 

94.0 

102.7 

81.4 

95.2 

103.5 

82.3 

96.9 

105.0 

83.4 

98.2 

106.1 

84.2 

99.2 

107.1 

84.8 

100.2 

108.5 

85.5 

101.3 

109.5 

86.1 

102.5 

111.0 

87.0 

104.0 

112.4 

87.7 

105.4 

113.0 

88.5 

106.0 

115.2 

89.3 

107.9 

115.6 

100.4 

112.4 

121.4 

101.6 

113.8 

123.9 

102.5 

115.3 

125.1 

103.8 

116.4 

126.3 

0 


105.2 

118.6 

127.7 

106.1 

120.1 

129.3 

107.4 

121.8 

131.6 

108.5 

1  n 

•  •4& 

153.0 

109.5 

124.4 

134.2 

110.3 

125.9 

135.2 

111.2 

127.3 

136.3 

.  112.6 

128.6 

136.9 

113.7 

130.0 

TABLE  6 

Run  6 

139.4 

Station  I 

Station  2 

Station  3 

112.0  sec 

128.9  sec 

137.8  sec 

1 12.9 

130.2 

138.9 

113.8 

131.1 

139.8 

114.8 

132.6 

141,1 

II5.9 

134.1 

142.2 

117.0 

135.3 

144.3 

117.8 

136.8 

145.6 

119.0 

138.3 

146,8 

119.7 

139.3 

149.0 

120.4 

140.5 

150.1 

121 .1 

142.5 

151.3 

121.8 

144.3 

152.4 

122.9 

146.1 

154,3 

135.1 

153.5 

162.1 

135.9 

154.7 

163. 1 

136.8 

155.8 

164.0 

137.7 

157.1 

$65.5 

138.5 

158.2 

166.4 

139.5 

159.4 

168.1 

140.4 

160.9 

169.3 

141.6 

162.5 

170.4 

\42.7 

163.6 

171.1 

143.2 

164.7 

172,3 

144.4 

165.9 

17^.1 

145.,1 

I67.O 

175.3 

14ff.8 

168.3 

177.0 

161 .4 

177.9 

186.1 

162.9 

179.8 

I89.O 

163.9 

181.2 

190.2 

•» 


e 


165.4 

167.3 
169.0 
172.0 

173.3 

174.3 

176.1 
177.0 
178.7 

179.4 


183.1 

184.5 

187.1 

188.5 

190.3 
191.9 

193.3 

194.8 

197.1 

197.8 


191.5 

194.3 
196.0 

198.1 

199.3 

200.3 

202.5 

204.3 

205.6 

206.9 


TABLE  7 
Run  7 


Station  1 

1 .5  sec 

2.3 
.2.8 

3.7 

4.5 

5.3 

6.1 

6.9 

7.5 

8.3 

9.1 

9.7 

10.3 

11.4 

12.2 

12.7 

13.1 

13.5 

14.2 

15.1 

16.1 
17.0 

17.6 

18.3 

20.0 

20.8 

21.4 

22.0 


Station  2 

10.7  sec 

11.3 

12.2 

13.6 

14.8 

15.7 

16.6 

17.4 

18.3 

20.1 

21.3 

23.3 

24.7 

26.2 

28.3 

29.3 

30.0 

31.3 

32.8 

34.3 

36.2 

37.2 

38.4 

39.5 

40.5 

41.9 


Station  3 

17.8  sec 

18.7 

19.9 

21.6 

23.4 

26.8 
28,2 

29.4 

30.3 

31.4 

33.2 

34.5 

35.8 

36.9 

38.1 

39.4 

40.2 

40.9 

41 .6 

43.7 

47.8 

48.4 

49.7 

50.5 

51.8 
52.7 

53.5 

54.4 


o 


9 


€i 


m 


m 


* 


22.6 

*46.1 

55.6 

23.5 

47.5 

57.3 

24.3 

49.0 

58.5 

25.3 

50.3 

59.7 

26.0 

51.9 

61.1 

26.6 

52.8 

62.3 

27.4 

54.3 

65.8 

28.4 

55.9 

66.7 

29.5 

56.7 

68.0 

30.1 

57.7 

69.1 

31 .0 

A 

70.1 

31.5 

60.8 

71.3 

32.3 

62.0 

72.5 

33.1 

63,4 

74.4 

33.6 

65,3 

75.7 

35.2 

66.5 

77.4 

36.1 

67.8 

78.6 

37.0 

69.3 

80.5 

38.0 

71.3 

83.0 

39.2 

72.6 

84.2 

40.2 

74.1 

87.0 

41 .3 

75,3 

89.3 

43.0 

77.2 

90,5 

44.2 

78.3 

91.5 

45.4 

80.5 

94.5 

46.1 

81 .3 

95.7 

47.4 

83.3 

96.9 

48.9 

84.9 

98.3 

50.5 

85.6 

99.4 

54.7 

8i,i 

TABLE  8 

Run  8 

102.5 

Station  I 

Station  2 

Station  3 

41 .8  sec 

56.6  se# 

68.7  sec 

49.4 

61.5 

70.6 

50.4 

62.8 

72.1 

51.1 

63.4 

73.2 

52.1 

64*5 

74.2 

53.0 

65.5 

76.2 

53.9 

66.8 

77.3 

54.6 

68.0 

78.3 

24 


<9> 


55.1 
56.0 

56.5 

57.1 

58.6 

59.4 

60.3 

60  8 

61  9 

62.5 

62.9 

64.0 

65.2 

66.3 
67*1 

67.6 

67.9 

69.2 

70.1 
71.0 

72.5 

73  0 

73.9 

75.1 

76.2 

77.6 

82.1 

82.8 

83.4 

188.3 
189.0 


-  >v 

247.3 

248.1 

248.6 

253.2 
254.1 
297-9 
299.0 

300.6 


69 . 3 

70.4 

71.4 

72.9 

74.1 

75.1 

76.2 

77.2 

77.7 
79.0 

80.1 
81.0 

83.5 

85.0 

86.7 

88.2 

90. 1 
91 .0 

92.9 

94.1 

95.4 

97.0 

98.3 

99.9 
101  ,3 

102.7 

104.2 

106.1 

107.3 

108.4 

202.8 

203.6 

229.7 
230-8 
231  7 

232.6 

233.5 
259.0 
260  8 
261  ,7 

262.7 

263.4 

310.4 

311.3 

312.6 


t  P‘3 

80.3 
81.2 

82.5 

83.5 

84.5 

88.5 

89.5 

90.5 

93.1 

94.2 

95.1 

96.5 

97.4 

100.0 

101 .2 

102.1 

103.6 

104.8 

106. 1 

107.3 

108.2 

109.3 

110.5 

113.2 

114.6 

116.1 

1 17.1 

118. 3 

119.4 

226.0 

227.4 

243.9 

245.1 

246.5 
249.0 
250.0 

273.7 

275.1 

276.5 

278.2 

280.1 

321.9 

323.0 

324.6 


25 


341.3 

353.1 

364.2 

342-7 

OCh  1 

*  *  / 

‘)C£  t 
^  ww  ■  ^ 

xL'i  A 

"ice  Q 

n 

f  •  ^ 

344.3 

357.0 

369.0 

345.6 

358.1 

370.2 

346.0 

359.2 

371.5 

346.9 

360.6 

372-9 

347.6 

362.6 

374.1 

348.2 

363.3 

375.2 

349.0 

364.1 

376.4 

349.3 

364.8 

377.8 

*Lost  five  pieces  of  data. 


•TABLE  9 
Run  9 


Station  1  Station  2  Station  3 


36.9  sec 

48.0  sec 

58.6  sec 

37.4 

48.7 

59.6 

38.1 

49.9 

60.6 

43.0 

55.1 

65.3 

44.1 

57.3 

67.7 

45.0 

58.3 

69.0 

45.6 

59. 1 

70.0 

45,9 

w.o 

70.8 

46.1 

61.4 

72.6 

46.7 

62.5 

73.5 

46.9 

63.4 

75.9 

47.5 

64.9 

77.2 

47.8 

66.2 

78.6 

48.7 

68,1 

79.8 

49.0 

68.7 

82.5 

49.8 

70.0 

84,1 

50.2 

72.4 

84.8 

50.9 

74.1 

85.7 

51.1 

75.8 

86.6 

52.1 

77.8 

87.8 

53.1 

75.6 

88.9 

54.2 

80.8 

89.9 

54.5 

81 .9 

91 .0 

55.3 

83.1 

92.7 

26 


®  9 


56.1 

f*  /  ■* 

P/  •U 

57.3 

57.9 

60.2 

61.3 

61 .9 

62.7 
63.0 

63.4 

84.3 

85.5 

86.3 

210.1 

212.4 

213.5 

216.1 
216.8 

217.9 

-  * 

282.2 

282.7 

283.8 

285.4 

285.9 

299.8 
301.0 
301.7 

324.2 

325.2 

326.4 

327.6 
328.0 
329.0 

329.9 

330.1 

330.6 

331.1 

332.1 


*Lost  one  piece  of  data. 


84.9 
S&.  1 
07,6 

89.6 

91.1 

92.1 

93.3 

95.6 

97.0 

98.1 

100.1 

101.7 

102.5 
'  104.0 

221.5 

222.3 

225.1 

226.1 

228.4 

229.2 
231.0 

296.6 

298.0 

299.0 

300.1 
301.0 
310.9 

311.7 

312.7 

335.3 

337.2 

338.5 

340.2 

341.2 

342.1 

343.4 

344.5 

346.0 

347.1 

351. 1 


95.3 

96.2 

100.8 

103.0 

104.6 

106.4 

107.4 

108.4 

109.3 

110.2 

112.5 

113.5 

115.3 
237.9 

238,8 

239.7 

240.8 
242.0 
244.0 

245.1 

312.3 

313.4 

315.1 

316.3 

318.2 

324.8 
326.0 

327.5 

346.1 

347.3 

348.3 

351.9 

352.8 

354.2 

355.3 

356.3 

357.9 

359.1 

360.2 


27 


9 


9 


9 


« 


TABLE  10 


*• 


Run  10 


Station  Station  2  Station  ^ 


40.0  sec 

41.6 
42.4 

43.2 

44.3 

45.3 

47.1 

47.2 

49.9 

50.9 

52.6 

53.8 

55.1 

56.6 

58.3 

59.3 

60.8 
61.8 
62.9 

64.8 

65.7 

69.4 

70.3 

71.3 

73.1 

73.9 
75.0 

77.1 

78.7 

79.6 

81 .2 

82.4 

83.8 

85.6 

86.8 

88.1 

89.5 
91,0 

93.0 


50.6  sec 

52.1 

53.1 

54.4 

55.1 

56.0 

58.0 

59.0 

60.3 

61.1 

62.7 

64.4 

65.3 

67.6 

69.1 

70.4 

70.8 

71.5 

74.2 

75.9 


80.7 

82.8 

84.1 
85,0 

86.1 

88.2 

88.9 

89.9 

91.3 

94.1 

95.1 

96.2 

97.1 

97.4 

98.9 

101.4 

102.8 


28 


94.2 

104.5 

95.5 

105.8 

96.3 

107.1 

97.7 

109.4 

99.0 

110.8 

100.1 

112,3 

100.9 

113.4 

103.8 

115,0 

105.9 

116. 5 

107.9 

118,4 

109.1 

119.8 

111.9 

120.7 

113.2 

•  122.0 

114.8 

123.2 

115.6 

124,5 

116.9 

126.0 

118.1 

127.6 

119.2 

129.4 

120.7 

130,4 

122.2 

132.1 

123.3 

133.1 

124,7 

134,1 

125.5 

135.8 

208.8 

220.1 

209.9 

220.8 

210.8 

221 ,6 

212.1 

222.3 

226.3 

235.4 

226.9 

236.7 

227.8 

240,0 

230.0 

240.9 

230.9 

242.3 

232.1 

243.5 

233.2 

247.1 

234.1 

248,2 

272.4 

283.7 

273.2 

289.6 

274.4 

285.9 

275-3 

286.9 

276.8 

288.0 

277.8 

289.9 

279.0 

291.1 

280.3 

292.7 

281.9 

295,4 

282.8 

297.0 

284.0 

298.1 

29 


308.4 

309.4 

329.7 

330.8 

331.9 

333.1 
347-3 

348.1 

348.8 

353.4 
355,0 

356.7 

358.2 

359.3 

360.9 
362.0 

363.9 

365.5 

368.1 

372.1 

372.5 

374.4 

375.8 

376.7 

377.8 

379.4 


*No  data  obtained  at  Station  I. 


319.0 

320.4 

340.9 
344.0 

345.2 

346.6 
356.0 

357.5 

358.4 

363.8 

366.4 
367-3 

368.7 

370.1 
372.0 

373.1 

374.2 

375.3 

376.3 

379.7 

380.9 

382.2 

383.9 

385.9 

386.9 

388.8 


TABLE  II 
Run  1 1 


Station  1 


2-7  sec 

3.5 

4.3 

4.9 

5.8 

6.5 
7-5 

8.3 


Station  2 

1 1 -9  sec 

13.8 

14.8 

15.5 

16.7 

17.6 

18.6 

19.8 


Station  3 

21.1  sec 

23.5 

24.7 

25.8 

26.8 

28.4 

29.3 

30.1 


30 


9.3 

21-5 

31,J 

10.5 

22-Q 

so'  Q 

11.6 

24^7 

34,’ 0 

12,6 

25.5 

36.4 

13,0 

26.7 

38.9 

14.0 

28.1 

40,1 

15.1 

29.2 

41.1 

15.9 

30.2 

42,3 

17.0 

31.8 

43.1 

17.8 

33.3 

44.0 

18,7 

35.1 

45.6 

19.6 

36.6 

46.8 

20.5 

38.8 

49.2 

21 .8 

39.9 

50.7 

23.1 

43.4 

52.0 

24.4 

44.0 

53.1 

25.6 

45.5 

54.8 

26.4 

47,3 

56.2 

27.7 

48.6 

57.8 

-  * 

49.8 

59.7 

30.7 

51.7 

61 .1 

31 .8 

53.1 

62,5 

32.9 

54.0 

63.9 

34.5 

55,6 

65,6 

35.6 

56.8 

67.4 

36.1 

57,4 

69.0 

36.9 

59.0 

70.0 

37.9 

60.5 

71.1 

39.0 

62.8 

72.4 

40.5 

64.8 

74.4 

41.4 

66,0 

75.7 

42.6 

67.4 

77.7 

43.8 

68.8 

79.4 

44.7 

69.9 

80.4 

46.0 

71.2 

82.4 

47.2 

72.5 

83.7 

48.0 

73.6 

84,8 

49.6 

74.6 

87.0 

50.4 

75.7 

88.0 

51.4 

76.7 

89.2 

51.8 

77.3 

90.6 

52.7 

80.2 

92.2 

53.1 

83,0 

93»2 

54.4 

84.8 

95.8 

55.0 

85.8 

97,3 

56.2 

87.5 

98.9 

31 


57.3 
58.0 
59.0 

59.7 
62.0 

63.3 

64.2 
67.0 
67.9 

68.8 

70.7 
7?. 2  • 
?’  =  ! 

73.2 

74.6 

75.2 

76.0 

76.8 

78.4 

79.7 

80.8 

82.5 

84.2 

85.8 

86.8 

87.8 

88.8 

90.2 

91.5 

92.8 

93.9 

95.1 

96.8 

98.5 

100.7 

102.5 

104.7 

105.8 

112.0 

113.6 

114.7 

116.3 
118,0 

1 19.1 

120.1 

121.1 


89.4 

91.2 

93.3 

94.8 

95.9 

97.9 
99.8 

101.5 

103.3 
104.9 

106.5 
107.8 

109.5 

110.4 
112.0 

113.7 

115.3 

117.3 

118.7 
120.0 

123.1 
124.0 

124.7 

126.2 

127.7 

128.4 

131.1 

133.3 

134.2 

135.4 

136.5 

138.6 
140.0 

141.3 

143.2 

144.7 
146.6 

147.8 

148.3 

150.1 

151.8 

153.4 

155.1 

156.2 

157.5 
159.0 


101 .0 

102.1 

102.9 

105.8 

110.7 

iii.5 

112.9 

114.1 

115.1 

116.2 

117.9 

118.7 

119.7 

122.3  • 

123.4 

124.7 

125.9 

126.9 
128.3. 

129.7 

131.1 

134.5 

136.2 

138.8 

140.0 

142.6 

143.9 

145.5 

146.8 

148.4 

149.6 

150.6 

151.6 

152.8 

154.9 

156.2 

157.6 
158.0 

162.6 

164.0 

165.2 

166.6 

168.1 

170.4 
171.0 

171.9 


32 


122.6 

124.9 
1  /• 

127.4 

129.1 

130.1 

*  131.1 

132.3 

*Lost  one  piece  of  data. 


161.2 

162.4 

163.3 

165.1 

166.2 

167.4 
168.3 
169.2 


172.8 
175.1 

176.7 

178.5 

179.9 

180.8 

181.8 
185.7 


APPENDIX  B 


TABLE  1 


Location 

Number  of 
Personnel 

Distance  to 
Shelter 

Travel  Rate 

Time  to 
Shelter 

A 

40 

200  feet 

6  MPH 

23  sec 

8 

10 

250 

6 

28 

C 

5 

300 

6 

34 

D 

25 

350 

6 

40 

E 

10 

400 

6 

45 

5 


500 

600 


6 


57 

68 


TABLE  2 
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the  present  value  in  this  column. 

entrance  to  be  traversed  inside  shelter:  50  feet.  ***  No  need  to  find  a  final  value  since 

any  final  value  in  the  column 
labeled  "Time  to  Reach  End  of  Queue" 
will  be  less  than  some  previous  final 


TABLE  3 


A 


Results  of  Design  Method  Compared  With  Observed  Results 


Run 

Predicted  Time  of  Arrival  of 
All  Personnel  at  Station  3* 

Actual  Time  of  Arrival  of 
All  Personnel  at  Station  3 

2 

731  sec 

606.2  sec 

3 

731 

589 

4 

100 

88.1 

5 

168 

139.4 

6 

236 

206.9 

8 

397 

377.8 

9 

397 

360.2 

10 

410 

388.8 

11 

200 

185.7 

^VData  used  In  computation  of  this  column  Is  as  follows: 


Travel  rate  outside  shelter:  4.4  ft/sec 

Travel  rate  Immediately  at  shelter  entrance:  1.5  ft/sec 

Travel  rate  Inside  shelter:  4.0  ft/sec 

Distance  to  be  travelled  Inside  shelter:  48  ft 

Personnel  density  In  single  file  queue:  1  man/(2.3)ft 
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No,  of  SNDL 
Cop i es  Code 

10  Bureau  of  Yards  and  Docks  (Code  70) 

1  A2A  Chief  of  Naval  Research  -  Only 

2  ■‘  AS  Chief  of  Naval  Operations  (0P-07>  OP-04) 

5  A5  Bureaus  (Except  BuDocks) 
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1  E4  Laboratory  ONR  (Washington^  D.  C.  Only) 
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1  J95  School  War  College 
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(Wadd-LIbrary)  Wr ight-Patterson  Air  Force  Base,  Ohio 
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